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ch.ral l.gand. to form chiral proparglic tertiary alkohols or tertiary amines which a^the kev STltTf • ° f 

ann-HIV transcrip.se inhibitors Efavi re „z ( DMP 266). DPC 96,^0 DPC oSfl^ ^J^STSE SS 

(57) mm 

/*4Wt<d-**r«tt HIV ##gf«.J*.J Efavirenz (DMP 266) DPC 961^ DPC 08 3 ^2 
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m^mmm* 266) ' D?C961 * DPC ° 83 **** tm ° ******* 

jM******^****!. *£***> azidothymidine or AZT. 2***5* 

*JK2L2^£? EfSVirenZ ^ (SUStiVa "> ***W**»*^HIY«J 
l^^lffWtoj (NNRTIs).^t Efavirenz (Sustiva w ) B^Uffl FDA 

HIV Untimicrob. Agents Chemother. 1995, 39, 2602), #B#K#i|L/Ail 
*** HIV ft*«#.DPC083 and DPC961 JEA«*W(/^;5«J^ 
Cboiistry vol. 43, no. 10, 2000, 2019-2030) , Efavirenz (Sustiva ™) F# 

-ft**E,46***7«^A Hfavirenz (Sustiva™) (Angew. Chem. Int. Ed. 
no. 5, 1999, 711-713; Journal of Organic Chemistry vol.63 no 23 1998 

****** i. 4-^****+*. ^w^^^«(/^?^r/; c 

Chemistry vol. 68, no. 3, 2003, 754-761; Tetrahedron Letter vol 41 2000 
L 0 ^* 01 !-*^ ^2001070707 ^ J -*«W#*.A**^^gc^i DPC9 6 i 

A4Aftff£*»*4UR. *A/*«rt#M*tttt HIV Efavirenz(DMP 
266),DPC961 ^ DPC083 **tt*N*. ^^ft**!^^^ Efavirenz 
(Sustiva ") , DPC083 *P DPC + fc^toft *ft* ft*k 

Y-fT R5 
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«f4zfe^*^*-J-*H. Y^K^*JFW4P, f«*K±. Y^, H Cl Br 

CH 3 S0„ CH^SO,, W>j&# F, Y^F, Cl, Br ' ' 

P jlfftAa^^l; 

Y AtSS^ ^ C '~ C » ~c 



Y4f 




OH 



NH 

i 

P 



or 




M#R 5 fr R 5 <*T«J^ -HNCO- , ^itsUPT: 

R 



3tm Y, P, R, Rf frtfjftjfc. 




OH 

2^ 



atV r3 ZJ! , , 




CH 2 0R<; R 4 

Z^K^****, N**fc $-jN*#Z;*H F Cl Br I 

CH3S0: OH, PhCH,0, AcO, MeO, BtO, Me 2 NCH,CH 2 0, BtaNCH.CH.O, PhCH.OCO, V-Bu' /V 

NHj, ^ N0 2 ; ' 




OH 

R 3 

NR 1 R 2 ^ Z t^ fc R i R 2 



# + R', R' , R J , Z fctfflrifc 

Zn(II)& , Cu(II)A* Cu(I)ikA*#l*»^-f*#l»*l + f At* 



•2 
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fo%H = R, R 

(b) £(a)#ft&^4fr+;toAfrT£#tt&#: 

Rf Rf 

p, Rf, y ivmm; 



& + R l , R 2 ,R 3 , Z *P##fi£. 

OH 



R\ r j ,r\ z*iHr^. 




NR 1 R 2 



OH 




OR 4 



NR 1 R 2 



#+R\ R J ,R\ Z iPtr^fifc. 



CI . 

"OH 





o 

NH 2 
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OMe 



(a) # 0. 1 - 3 g *^^IE#. (1R, 2R) JMRft-l- (4-**atffe) -3-0-* 4fr 



OH 




OR 4 



NR 1 R 2 

z, r 1 x r 4 fr*^, 

5 0.1~3jM<3*tt*ft« 0.1-3J|E^S*«rZn(II), Cu(I)* Cu(II)ifeA 1-4 
(b)^E(a)i^m^tiPAl. 0 4M<3:l:tt*iT$#tt&&tt: 

CF 3 

CF 3 




OMe 

(I) 

0-5(TC, *#AAl-20hr; 

OH 

O zN ^ NR 1 R 2 

R 1 , R' , r juHtB; &-iNi#R\ R 2 ^ lie. 
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OH . 




OH 



Q 2 N^^ NMe 2 



OH 




OTr 

0 2 N / ^ NMe 2 

-t^* + »^jS*W*JEjR,^Jftj(l*Kbfc#^ 0.1-3:1, 
0.5-3: 1, x^-##^7 1. 2-1. 5: 1. 

0 5 ^^^^^^* 2 **^*^^*^Wfcb##^ 0.1- 3:1, ^-^^ 

+ g ZnCl 2 , ZnBr 2 , ZnF 2 , Znl 2 , Zn(0Tf) 2 , Zn(S0 3 CF 2 H) 2 CuCl, 

CuBr 2 , Cu(0Tf) 2) CuCl, CuBr, Cu(OTf), Cul. 

mttl&M&Xl Zinc (II) jfcCu(II) it, Zn(0Tf) 2 « Cu(0Tf) 2 . 

Zinc (II) 3/Zn(0Tf) 2 . 

^ 0. 5-3: 1, 1. 2-1. 5: 1 ^ 

^** + *^«ft^^^W*3E*t^ ( Rjfe#<(Kiiai*#^ 1- 4:1, 
2 . 0 3, 5 1 1 1 

N Ifl#I^.f«, ft)*, MeN(iPr) a , HNEt 2 N(iPr), 
pyridine, NBt„ piper idine, NBu 2 , BtN(iPr) 2 . ' 
■$-iH*#tt##Lrt# NEt,; 

W AA*#L**|* , fllfrTHF, dioxane, CH 2 C1 2 Et 2 0, benzene 
DME, toluene, n-hexane, $3 cyclohexane, jft^frffJ 
34-###»J^7 toluene. 
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j\* ****** -(cho-xcco, , 4 x ## <£* 0 * m*f^lmi 
««, «*, c, - c, c, - c, - c,a** C n- 

^il** ^*^ £ *** t *'* 1 ******* ***** 

.J££?£&S; F ;^; ^ rsr' 0, Ac0 ' Me0, Et0, Me ™°- 

Bt NM^fo*!™^™' I'i 1 ' Bl J, C " !S °i 0H ' Ph ° H! °' Ac0 ' Me0 > Bt0 ' Me,NCH,CH,0, 
Et,NCH,CH,0, PhCH,OCO, f-Bu, /-Pr, NH,, NO,. 

S^r/i r,*f *f : ***** *k**^r VlI 

* ** ** c, ~ 0, ***• c '" c * ******** ******* ii* 

i T ?t ¥ 4%*iffr^$imr* ****** «f*i* 

;£&##Y j& H, Cl, Br, CH 5 SOa> CH,CH,SO„ NO, F; 
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M., &, #. 

OH QH 

2 jTY J Y^or 4 7 jrTV^^oR 4 

^ NR 1 R 2 $T^J SrV 

*+r\ R 2 R l , R 1 AttNJtfHftjfcH, R 4 

W -(CH 2 ) D X(CH 2 ).- , |+ X ## CH 2 , 0 jft NH; n,mj|l £)J 6 

**, C,~C 3 #M^, CN; Z^tfjfr, NO,, CF„ CH 3 S0 2 , CH 3 CH 2 S0 2 , CH 3 0, 

OH 

*#Z^^*f5*-Xf5«fttlfe^-*^ifc-f*H. ifc-jNfc#Z*, F, CI, Br, I 
CH 3 S0 2 OH, PhCH 2 0, AcO, MeO, EtO, Me 2 NCH 2 CH 2 0, Et 2 NCH 2 CH 2 0, PhCH 2 OCO, r-Bu i-Pr 
NH 2 « N0 2 ; . ' 

* R 1 , R *ft*A3F -(CH 2 ) n X(CH 2 )„- , X CH 2 , 0 NH; n,m 

A 1 S| 6 &*jH$t 

R 4 A C.-C 20 jft*. C-C» X^iJUfe. ,*fam *#c,-c»=**i* 

R, R -(CH 2 ) 2 0(CH 2 ) 2 - , -(CH 2 ) 2 N(CH 2 ) 2 - -(CH 2 ) 5 - -(CH 2 ) 6 - 

2, 4-^***; 2, 

yfc£##Z ^ CI, Br, N0 2 , CF 3 , CH 3 S0 2 , CH 3 CH 2 S0 2 , CH 3 0, OH C, ~G ffijfc: # 

Z A CH 3 S0 2 N0 2 

#J.£ Z**3H&*£, R'^i^O, r'^ cOCH 3 ftf, R 4 ^A»*, Xftjfc*. ^ , 

£ Z 4 R', R 1 #3feftK*fc*(lR, 2R)-2-^A^-^A 

-l-(4- flUMfe* )-3-^X^-l-Pf#; 

* Z *#*F 4 R 1 , R 2 A ¥ R 4 iUfftjl, « , *LW*i 

OH 

OR 4 
NR 1 R 2 

R'XR 4 , Z^p#^. 
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OH 




OR 4 



NR 1 R 2 



O z N 

r', r j , r^npm, r\ r 2 

°" OH 
0 2 N^ NMe 2 ^ 02N A^ Fl M e 2 




0 2 N^ NM e 2 N 
OH 




OTr 

0 2 N /V ^ NMe 2 



Z.** £i»> JET*. #T*> &TJil#. ft, * 



ft. i fij 4 «ft**tt*jMtt«**A«ftt*n 

^f3fcW^«** 3 HJ 20 3 HJ 6 

0T*&tt#*###*. #&, P fc<£, 

0r*ttift*»aMMM i £J 20 i 4 4 

R l r 1 ?K**N*7N*£H. R 1 #>R' ltf&**£ttft£ft»* 

#, C, ~ C, j&jfcjfe, C, ~ C< C, ~ C, ftftlfc, CN) ; R 1 R' W 

-(CHOnXCCH,).- , # + X ^TIKA CH„ 0 ft NH; n, ra * 1 Jgij 6 ft** * 

W^S, aNI***;^*.**; 2, 4--fL^*; 2, 4-^fft£* 

*;*fft¥*; 2, 4--ft*£; 2, ^--THit^lt;*^ R', R « T^J** 

-(CH^OCCH,),-, -(CH,),N(CH,),-, -(CH^-jj^CH,),-, ***ft*ft#*#H T 



8 



WO 2004/087628 



PCT/CN2003/000462 



W. Greene et al. , Protective groups in Organic Synthesis 3rd Ed. John Wilev 
1999, pp. 494-653. $-jN*#IUfc##4Mrtf 

v&fcfi &&&&&& ai-ffe* 

****** c,^ ft ^f*«ri***^*Ji»^**#**, # 

*fi» c-cfc**, c~c,«**. cn# 0 R'flfrc-cffi*, - 

*T*-¥***» «*c,-c 4 iS5**^^^4fe, ******* xsrtl** 

*.**¥*. 2 4:=-***. 2, 4-^¥**«^¥**^*; tf****; * 
Jlflii 2 > 4 --¥*«*; A *T*-¥*#*#**. *ft 

T. W. Greene et al., Protective groups in Organic Synthesis 3rd 
Ed. John Wiley 1999, pp. 17-245. ##ttfcfc#*#;fcT*. 

+ , ttt^lfeffl'fe^^ltti 1 **, N0 2 , CF„ CHjSOj, CH 3 CH 2 S0 2 , PhCH 2 0C0 s& 
4t AcO. »***R4M?l*ttft**.(*# C~CAMMUfc) , OH, Me 2 NCH 2 CH 2 0, 
Et 2 NCH 2 CH 2 0, NH 2 , .( C, ~ C 2 . ) . 




9 H OH 

nr 1 r 2 #£xmfctt^fcTT*xHfc^4& ^ NH 2 

3 &&**i 2 £*,*#*?#£ T. W. Greene et al. , 
Protective groups in Organic Synthesis 3rd Ed. John Wiley 1999. 
OH 

mp ^ NH 2 % 2 4L*MWM&&#imm4tnwMk*. saw*? 

ft, NaBH 4 , KBH«, LiAlH 4 *# Pd/C. 2«U47KM#j8TA R'X R'X £ 

KB. m&m&^ fcb^P K 2 C0 3 , Na 2 C0 3 , NaOH, KOH NEt 3 #f 

^^N-^AH& (ftCuSOJ fMf#ft^*;foAJ*U*J. ' ^ " ' 

&JH*jfe#l&#&, Bfavirenz, DPC 961 5fr DPC 083 T»r WJfl&'T &^^J#. 
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Zn(II) or Cu(II) salts 
NR 3 

toluene.0 - 50°C 




NR 3 

toluene.O - S0°C 



Ceric ammonium nitrate 

1 





DPC 961 



DPC 083 



#JW^1^XWM>J**&*#fctt DPC 961 , DPC083 Jffa efavirenz 
«^#***XtWJE*+W^^-|icAij«4/ft#traJBf f ee -ffeH^c 99%: 

H E.*ft*A dpc 961 **«xtS^A^tt4Mfe#ii^J|^^* 

tt^JM^A. of Organic Chemistry vol. 68, no. 3, 2003, 

754-761; Tetrahedron Letter vol. 41, 2000, 301$-3019). Jftifc, 00 2001070707 
^7-#3|ii^Xt^^j*^^-#^j(ft DPC961 ^It #X2H 20 
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K T**« -f fe^F It -f jtb. & B . 

(1R, ZR)-2-AJA^--f tL*-3-^*ar-l, H?f-*tt**: 
#J&;fci& Jiang, B, ; .Chen, Z. L. ; Tang, X. X. Org. Lett. 2002, < 3451. 

*J* • 

(1R, 2R) -3-&T$H-2-Ar, ¥A*"l-^**-l-Pf 

0-5 °C f, 0.8g »A(1R, 2R) -2-tf,tf--?iMfc-3-#flg#*-l, 3- 

^-H(1.8 g, 7. 5mmol) #J CH 2 C1 2 (20mL)»^ o ^ 0-5 °C T*A^T*^,-fr— ^ 
#$;faX&»0.2g, 5R^®SlS36Jei?9l«t#^ja 5-7h #Jli«iiX#T 
0-5°CijPX^^K 2 C0 3 ^ o *-#UB^* (Na 2 S0 4 ) *^S^rfi 
ft-fc#Kfrl.44 g (65%). mp 100. 0 - 101. 3 °C; [a] D J0 - +23. 5 (c, 1.00, CHC1,); 
FTIR (KBr) 3333, 2972, 1606, 1523, 1357, 1197, 861 cm" 1 ; 'HNMR (300 MHz, CDC1 3 ) 
58.19 (d, 7=8. 8 Hz, 2H), 7.60 (d, 7=8. 4 Hz, 2H) , 4. 59 (d, 7=9. 9 Hz, 1H), 
3.34 (dd, 7= 3.0 Hz, and 9.9 Hz, 1H) , 3.21 (dd, / = 6. 5 Hz, and 10 Hz, 1H) , 
2.56 On, 1H), 2.47 (s, 6H) , 1.06 (s, 9H); ,3 CNMR (75 MHz, CDC1,) 5150. 6, 147.6, 
128.46, 123. 49, 73.3, 70.3, 69.8, 56.0, 41.8, 27.4; MS (EI) m/e 223 (M+-73, 3), 
209 (21), 144 (68), 88 (100), 71 ( 10), 57 (31); Anal, calcd. for C 15 H 24 N 2 0<: C, 
60.81; H, 8.11; N, 9.46. Found: C, 60. 72; H, 8.26; N, 914. 

mm 

(1R, 2R)-3-*CT*-¥**4Ut-2-ilT, 

(1R, 2R) -2-N,N-~ ¥#.*-3-Xj-*!#*-l, 3- ft -* (1. 946g, 8. lramol) fcfcf- 
CH 2 C1 2 (30mL) , 0°C T^PX TBDMSC1 (1. 28g, 5. 3ramol) ^>*«4 (1. 4g, 20. 6ramol) 

ft 2. 72g. FTIR (KBr) 3344, 2954, 1606, 1525, 1349 cm-; 'HNMR 
(300 MHz, CDC1 } ) 5 8. 25-8. 20 (d, /= 8. 5 Hz, 2H), 7.6-7.55 (d, 7=8. 5 Hz, 2H), 
4.65 (d, 7= 9. 7 Hz, 1H), 3. 77-3. 6 (dd, 7= 11. 3 Hz, 2.7 Hz 1H), 3. 5-3. 45 (dd, 
7= 11. 3 Hz, 6. 0Hz lH2.50 (ra, 7H), 1.85 (s, 8H) , 0.1 (s, 6H); "CNMR (75 MHz, 
CDC1 2 ) 5 150. 2, 147. 4, 128.0, 123.3, 69.0, 57. 1, 41. 6, 25.7, 17.9, -5. 9; MS 
(EI) m/e 297(M+-57, 0.3), 209 (8.2), 202(100). Anal, calcd. for C, 7 H J0 NASi: C, 
57. 60; H, 8. 53; N, 7. 90. Found: C, 57. 82; H, 8. 18; N, 7. 77. 

(1R, 2R) -2-tf f ^-¥A*-3-xM!#*-l, 3-W-lf (1.946g, 8. lmmol) JMff- 



n 



WO 2004/0.7628 PC17CN20O3/00O462 

at«S*a#^«4.8g. FTIR «Br) 3344, 2954, 1606, 1525, 1349 cm-- ' H Stt «o5 
MHz, CDC1J S 8. 09-8. 06 (d, / - 8. 4 Hz, 2H), 7. 36-7.33 (d, , ! 8 6 hT 2H) 
7. 25-7.17 On, 5H), 4.27 (d, /- 10. 0 Hz, 1H), 3. . 28 (dd, / . „ Hz 6 Hz 
10, 3. 01 (dd, 7- 10. 7 Hz, 3.9HZ1H), 2.71 fa, 1H), 2. 45 (., 6H) 0 1 (. 6H) 
CNMR (75 MHz, CDC1J 5150. 1, 147. 6, 143.6, 128. 9, 128. 8, 128 7 128 6 128 ' 
128.1, 127. 9, 127.8, 127.3, 123. 7, 87.7, 70.9, 70. 6, 58. 6, 41. 6 

**«5 

(1R, 2R) -2-#^4fr-*-T<Ut-3-xWl«t-l, 3-Pf-#ft*|*- 

OR, 2 «- 2 -**-3-^«**-l,3-»522.»(2.12,, lOmmol) 2t 

Stf'n-^ 5 """^ t,S *-«Z'^**^-^ft^HCHO(10 01 L) ^PHCOOH(lOmL) 

"»MT#A*!' *"" ,0 ' 1+ * , • C "' C1 "*«- 1.2, 

*jfe*H 6 

(1R, 2R) -3-&T*-¥*#^-2HMMI-^?*^l-(xM*c*) 

f * 1 ,\ C15 ¥A 2"? i' c ts *^*t*2, T * M i (3 oor B , 2*„*4 * 1 

2-01). JM-a&Sit*. 6u0 mg. FTIR (Mr) 3344 2972 16M 

1525, 1348 cm-; HNMR (300 MHz, CDC10 5 8.17 (d, / - 8. 8 Hz 2H) 7 50 (d J 
-8.4 Hz, 2H), 7.38-7.31 (m, 5H), 4.70 (d, 7=9.6 Hz, 1H), 4. 04 (d /- n 0 

^l 69 278 0 'a00) 9 ; 8 91(7 0 3);' " ^ ^* MS 
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(1R, 2R) -3-(=**T*,»-2-*-¥*-*-T«* -1-CMl**) -1- IBS- 

°; c n 7*^***««^. i.Loo V Suits? S#S 

«:^r^W#/ B A 500mg . mp 58.0 - 59.3 "C; FTIR (KBr) 3314 2926 ifin? 
1521,1346 'HNMR (300 MHz, CDC1 3 ) 8 8. 07* (d, 7=8 8 Hz W 40- 9 

(m, 22© 4.30 (d, 7=9.6 Hz, 1H), 3.94 (d, 7=13.0 Hz, 1H), 3.73(d 7= 6 8 

phpi\ i 3 '. 3 ! ^ 1H) ' 3 ' 06 (m> 1H) 2 ' 89 (m ' 1H) ' 2 ' 33 (s « 3H ^ "CNMR (75 MHz, 
CDC1 3 ) <?150.6, 147.6, 143.46, 138. 2, 129.3, 128.8, 128.7, 128. 6,128. 4, 128 0 

V 12 oI;V««^ 7 ; 87<8 ' 70,5 ' 69 ' 8 ' 6(U ' 58 -°' 37 -°' MS (EI) ^ 406(M + -152,' 

^ 77%/ H , n 5 , J' Ti Cd - f ° rC » H ^ : C > 77 - 42 ^ H» 6.09; N, 5.02. Found: 
C, 77. 26; H, 6. 06; N, 4. 65. 
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8 

(ia, 2a) -2-^^nTiH*-i-(**)-i i 3-pf-* a 9 7' Tinman 

"ff fr 6 Vo6 08 ; 334 , 4 ' 2954 ' 1609 ' 1525 ^ ^oot^ 

CDC1 3 ) <? 7. 26-7. 06 (m, 20H), 4.87 (d, /= 10. 0 Hz, 1H), 3. 76 (dd /- 10 2 Hz 
6. 4 Hz 1H) , 3.51 (dd, /. 10.7Hz, 3.9Hz2H), 2.80 (m, 1H), 2 8 (s 6H «« 

^.rii' 1 '^ 6 : 138 - 9> l28 - i29(i6c >' ^5.;-i26:6i4 38 c) ( ,%4 6H 9; 7 ST 



9 

WUSOmL), 0-C T*.A*.A = #*a?M «.8g, 25mmol) *=Z i «,(4 m l) *J5 
#Jt«»*a#^»t.H,. FTIR (KBr) 3344, 2954, 1609, iflS 1349 • £2 
0 «, CDCW , 7 s 48- 7 40 «. / - 8. 4 „ 2 , 2 „,', 7. 27 '-7. l/'^ /- 0. oT 

10 

(ia, 2a) -2-N -*k*)%g.-3-(rt®&%i&) -1, 

mL), 0-5 C TiP A^tR K 2 CO, (3. 15g, 22nunol) , ijfjp 1 4--&T*£(2 4* 

elm ^fo TVTo 0 3393 ' 2969 ' 16 ° 5, 1521 ' 1348oT S DOO M 
CDCU c5 8.10 (d, 7=8.9 Hz, 2H) , 7.53 (d, / = 8. 7 Hz, 2H), 4.63 (d 7=8 

ms' (bsi) ^irS; 3 -" * ™- — * £ i, 1 



n 

&*m«t ^0ga9%)n^mj^&. FTIR (neat) 3346, 2937, 2924, 2858, 1604 1525 1347cm-- 
'HNMR (300 MHz, CDCl,) ^8.18 (d, ,= 8.5 Hz, 2H), 7.59 (d, /= 8. 9 Hz, 2H) 4 70 ( /' 
= 8.5 Hz, 1H), 3.65 (dd, /= 4. 0 Hz, and 11. 0 Hz, 1H), 3.52 (dd, 7= 5 T z and 10 8 
Hz, 1H), 2.82-2.71 fo, 5H), 1. 83-1.73 ( m , 4H) , 0.85 (s, 9H) , -0 08 (s H) C 7 
MHz, CDClj) ,150. S, 147.2, 127. 7, 123. 2, 69. 8, 67.4, 58.2, 49. 2, 25. 7, 23. 4 17 9 5 
MS (BSI) m/e 381(M*+1). » ' 5 ' 8 ' 
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25'C T, A&**4MlR, 2R)-3^T|L^-2-^^f4Ut-l-)«t^«L-l-«l|L 
(2.96g, lOmmol) Zn(0Tf) 2 (3. 6g, lOmmol) i&f- f ^(10mL) t . NEt 3 (2, lmL, 
15ramol) . — <J> Bt *» ^ ^ 6 ^ (l. 2mL, 12mmol) ^Z|Lf 
(1. 74g, lOmmol). 25°CT^ 10hr„ # 

>Ml)^:^^&W/^(75% 99.3%ee), 7^0^ &4Mfc#j + ^?®«L^. 

13 

25°CT, ^@|Si&^(lR, 2R)-3-^T^-f N--if£&.-l-*t*%%i& 
-l-ftg|(3. 54g, lOmmol) Zn(OTf) 2 (3. 6g, lOmmol) i£^¥^(10mL) +. -fr^^NEt, 
(2. lmL, 15mmol). — >bHJsfa^$Z (1. 2mL, 12mmol), 8i'b1jf&fa^ 
-5-%,%L&JL$.¥&m ( 2. 23g, lOmmol) . jfeg^jfe 25°C TSJL lOhr. te^##g£>f JOL 
Zjm.L>m^%.. ^^B^#-f^^#^A(60% T 1 ^, 90.1%ee). 

14 Sfift &&&& -gJ^;*a& 
25°C T, -fLg-S|SS.>fMlR, 2R)-3-,kT^-2-iV,^Jif ^-l-xt^^-l-^i| 
(2.96g, lOmmol)^ Zn(OTf), (3. 6g, lOmmol) ^-f ^^(10mL) t . #^>.NEt, (2. lmL, 
15mmol). -'J^N-^^^^^ti^d^mL, 12mmol) , ^^Bt^oX 2-^-5-^ 

( 2. 23g, lOmmol) . 25°C TJSLM lOhr. ^##|£vf 

&Z*m$.fr. %^&#^J5$Lm$j*&(60% j*^, 99.1%ee). 

15 

^-T^^^t 2-#J.-4, 5-— #4W^2.j(Lf^Jfi^*»A 
25°CT, (1R, 2R)-3-^T^-f^A^-2-^^-f#J,-l-^.^ 

-1-ftgf (354mg, lmmol) Zn(OTf) 2 (0. 36g, lmmol) ^f^(2mL)t. #*»^NEt, 
(0.21mL, 1.5mmol). — *Mlt-#*»/w*.T*.Z**fe(l. 3mL, 12mmol) ^ 2-^-4, 5-— 
&:&^=L&¥ &M(2. 3 g, lOmmol). 25°C TXJ lOhr. #Jk&*f*iL£ Z, 

■fcC**^*. ***l^f--tiM*«r^A. (85% 94.1%ee). 

£*fc<fc| 16 

25°CT, #JJ§N&^(1R, 2R)-3-X^l.f^-2-^^-^-^^# 4 J.-i-^« 
-1-ftgf (558mg, lmmol) #pCu(OTf) 2 (0. 36g, lmmol) i^f-f^(lOmL) t. NEt 3 
(0. 21mL, 1. 5mmol) 0 — >bB$Jete^Zj)& (1. lmL, 12mmol) jfe 2-^-4, 5-— |U£ 
&»(2. 3g, lOmmol) o >&^# 25°C TiLS lOhr. #.^##g£v£iOl,£ 
^^^f^JH^^A (67% yield, 55%ee) . 

17 

25°C Ti #.&§|gMMlR, 2R)-2-f ^-2-^^-^^-1-^-1-^^(2.555, 
lOmmol) Zn(0Tf) 2 (3. 6g, lOmmol) Jfc-f f 3fL (lOmL) t . NEt 3 (2. lmL,' 

15mmol). — *»fr^*»ASFi5J|.&j*(1.2mL, 12mmol), ^'hHt^^ 2-^-5-^^ 
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( 2. 23g, lOramol) . >&^# 25°C TiLfi 10hr o ^jtL^^^^iUL 
A. ^^^-^^^#^^(51% 96.1%ee). 

18 

25°C T, (1R, 2R)-3-^.T^-2-^At--f^-i-^^_ 1 _^g| 

(2. 96g, lOmmol) Zn(0Tf) 2 (3. 6g, lOmmol) *-f f ^(10mL) to#^XNBt 3 (2. lmL, 
15mmol). — 'J-Ht^^^p^^^^d^mL, 12mmol) jfaxff $UM?.&{M^JM&,( I ) 
(3. 69g, lOmmol). ^# 25'C 10hr. ^^^JJUSLS. % 

4M8^ J f»^*ift^A(95% 99.3%ee), 

***| 19 
DPC961 

JM-ftfJMNMM^ DPC961(2mraol)^-f 10% aqueous CH 3 CN(10mL), *iA^T«t 
##(4.4g, 8mmol) 0 25 0 C iUSL 4 *Bfr. #)M*##6Bfc&ffl?**. DPC961 
(80% j*-^) 

#?^J 20 

25°CT, *JMM&#.C1R, 2R)-3-^LT&— f &^^&-2-^ N-~i? &&-l-*t*ti$L& 
-1-^^(3. 54g, lOmmol) Zn(OTf) 2 (3. 6g, lOmmol) ^-f f #L(10mL) t . #^^NEt 3 

(2.1mL, 15mmol). — 'Mtf^iiA.J?;^.&£*;fe Q. 2mL, 12mmol) ^Jtf ^|UM?.&fi^a$ 
3E#.(I) (3. 69g, lOmmol). 25°C TiL& 10hr. ^^##g£>f JSJlJl 6g£& 

81^*. ^T4MB^^flt#jM»^A(72S ^4, 99. Woo). 

21 

25°CT, 4R£J*fc#.(lR, 2R)-3-=.^f ^-2 AT, AKnf «Jl-1-^^-1-^ 
S|(4. 82g, lOmmol) Zn(OTf) 2 (3. 6g, lOmmol) jfcf- f j£ (10mL) t . NBtj 
(2.1mL, 15mmol). — 'Mti-^*>A.JFft£.&ft(l. 2mL, 12mmol) jfast ¥ M^^-f£# 
iMR. ( I ) (3. 69g, 1 Ommo 1) . 25°C TiU& ' 1 Ohr . tefrftHL&ftXJUfc 6 g£ 6 

*¥fa&H-*k£*mftr*m% yield, 98. OXoe). 

g^-fcl 22 

25°CT, *&«**(1R, 2R)-3- = |L|.fM-2 -^*-^T*4Ut-l-J«t^** 
-1-^^(5. 58g, lOmmol) #p Zn(OTf), (3. 6g, lOmmol) ^(10mL) t . #ip^v NBt 3 

(2.1mL, 15mmol). — ''W^b;^^.^^ (l. 2mL, 12mmol) ^^^f^^-S^* 3 "^ 
##.(1) (3. 6 9g, lOmmol). jfeg^b 25°C TJSLM lOhr. ^JLflS^^fc^JiULa 
6*6(11*. tf^^tf^flb&fcJfcft;** (80% yield, 51.0%ee). 

23 
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-17** (5. 58g 1 Ommol) ^ Cu (OTf ) , (3. 6g, 1 Ommol) &f f * (1 0mL ) + . #^ NBt 3 
(2.1mL, 15mmol). -*^^^J^;&(1. 2mL, 12mmol) JSA****** 
**<I> (3. 69g, lOmmol) . 25«C T£* lOhr. 

***I^H^**JMr^A (68% 98.0%ee) 

24 

fnli i ?< T/ * Z l mf)l (0 ' 36 *« lmraol > **T*(10»L)t. NBt 3 
(0.21mL, l.Smmol). -^Bt^n/Of # Q. 2mL, 12mmol) ^Xfr¥jftJM?A**» 

**A(I> (3.69g, lOmmol). ft+« 25°C T *J* lOhr. ##iJJUf 

25 

I"' 'r 00 t. CU( ° Tf)2 <°- 36 S>l™°O^^(10mL)t. #^NBt, 
(0.21mL, l.Smmol). -^Bfr^^Sf (1. 2mL, 12mmol) 

**Mi4^^aMI#;-* (670,4 yield> 45 %ee) 

&*fc#<| 26 

™"J !' } * Zn(0Tf) ' «-«MO--oi) *fT*awt. #*»A. 

(3. 69g, lOmmol). >S^fc 25°C TiUfc lOhr. te^##.&*3RJLfiL 7,3*^ 

27 

i^n"" 1 .? Zn( ° Tf)j (3 ' 6k S> 1()mol > *"f ¥*<10L)+. **A = 

*4M8^ J f*^*J»#>-*(90.9Jt yield, 99. ljtee) 
28 

2 <l\7\ ***** (1R > 2R)-3-*T#LJt-2-il5 ^fUH-^^^g 
(2.96g, lOmmol) * Zn(0Tf) 2 (3. 6g, lOmmol) jfcf- THF (1 OmL) + . #*»XNBt, (2 lmL 
15mmol). -'hBt^p^^^d.lmL, 12mmol) |UM****** *#,(!) 
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(3. 69g, lOmmol) . ft^jfc 25°C TJSJL lOhr. ##>ft#LtiL#-XjgL&. &g£ZJ@jM?Ljp<. * 
4M8^f-f*#*JSf^* (9154 yield, 99. OXee). 

^«fe^J 29 

25°CT, Jl&SfgiMMlR, 2R)-3-*LT*-=^f A>ft#U6.-2-At^ T4fc*.-1-******. 
-l-^#(3.54g, lOmmol) ^ Zn(OTf), (3. €g, lOmmol) f ^.(lOmL) + . -fSvfa^NEt, 
(2. lmL, 15mmol)„ — *Bfr,#**/vS£?g& 2mL, 12mmol) , S&<£^ 50°C &jk 2hr 
#*A#T#UM^#*»ttJUUl) (3. 69g, lOmmol). 25°C TJsl 

M lOhr. %frft®.$k.'%-JHgjL. 6^6I§||L. ^^#^^^#^ 0 ° 0 (81% 
yield, 97. l%ee). 

30 

25°C T> #^SS#.(1R, 2R)-3-*.T*-=-f 4UM-J*W*.-1- 
p^S|(3. 54g, lOmmol) ^ ZnBr 2 (2. 3g, lOmmol) (lOmL) t . #^p^ NEt, (2.1 

raL, 15mmol). — 'J^Ht^a^Sf ^ZJ^(1. 2mL, 12mmol) , 50°C Bj$L 2hr 25 

A, #*»A^-f JUk*fc.##*$aE4R,< I ) (3. 69g, lOmmol). S&£^b 25°C T-S^E lOhr. -tfc 
^«-#*JU&. ^^MB^H^*^**^* (31% yield, 63. ljtee) . 

$&M 31 

25°C T, &JMM&#.(1R, 2R)-2-^TML&-2-tf, «.-l-^^-2-#J.^ 
If-(3.1g, lOmmol) Zn(OTf) 2 (3. 6g, lOmnjol) *£-f f:£(10mL) t . #*»^NEt, (2. lmL, 
15mmol). — >hHJefoJ<Skft&Z*%tQ.. 2mL, 12mmol) U-f M^^l4(I) 

(3. 69g, lOmmol). 25°C T£j& lOhr. ^*M*tt*f5LSjfc. 

^tf^^^^A (95% 99. 3%ee), ^B^IU^ t^^W. 

32 

25°C T, &&S*B&#(1R, 2R)-2-^-2-^A^— f 4Ufc.-l-Xfrjtf^-2-4Ufc.&i* 
(2. 5g, lOmmol) #p Zn(0Tf) 2 (3. 6g, lOmmol) 2g:-f f ^(10mL) + . #^>A NEt 3 (2. lmL, 
15mmol). — hrtfefa^Stft&Zjtka. 2mL, 12mmol) iMfrf #UMNk*$»#3£.|U I ) 
(3. 6 9g, lOmmol). j&^ft 25°C TiU 10hr. ^#4(Ufc>f . # 

«^#^^^#>*£,(95% 90. 3%ee), *MB^ t*»J&W*tfc*. 

33 

25°C t, 4UM*»tfMiR, 2R)-2-f^-2-Aj^jif4U6.-i-xt^iS,-2-4U6.&if 
(2. 3g, lOmmol) Zn(OTf), (3. 6g, lOmmol) ^f^(lOmL) t. -B-*»^NBt, (2. lmL, 
15mmol). — Mit-#*»^Jf^&Z*j*(1.2mL, 12mmol) jfe** 1 ? lUE^&fl^^JLlU I ) 
(3. 69g, lOmmol). >&^# 25°C TiLii lOhr. ^##«fc*M^&. 
^^#^■^^#^^(95% Z 1 ^-, 60.5%ee), 7JMl/3 &MMft t^W*t«&fr. 
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«l m m sfe 

1. -#^;tf#^;fcfrT##tt^14ft^4fcttx2 




R 5 ^^ftJ-R 6 i« R 5 *P R« nreOJUFj& -HNC0-; 

(a) #*j«*<lR, 2R)-2-AT, ^*f5-l-«f5*»-2-JPt^-2-#UfeZ,»**^#, 



OH 




R 3 



Zl1 1 NR 1 R 2 * RRV 




CH a 0R<,£ + R 4 ^^^Ife, 
JJ»*^-^Zn(II) , Cu(II) *Cua)A»^-f^3WW + . *«A*#l^, ffg* 

£M?H = R, R 

(b) £(a)jfrfc^ftt;((pAfrT&#ft2*£# 



Rf 




*tP, Rf, Y *P«fi£; 



Rf 




N 
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2. *nfc*l**i0r#x£, &^M?*ti$te&iPT£toth&kft&k&&rtVtfc 




P 

(a) #3MilMMlR, 2R)-2-A5^f5-l-«Lf5**)-2-^-2-4UfeZ,», *T#*. 



OH 




NR 1 R 2 



# + R 1 , R 2 , R 3 *P Z l/tfifc, 

2n (II) , Cu(II) & toil) + . #*A*#U*. 



Rf 



Y4f 




N 



Y ° 
p 

nn^tyl, £ + Y, P, Rf frfcifl** 1 Jffifc; 

OH 



z-S- 




OR 4 



NR 1 R 2 



&+R 1 , R 2 , R 4 JfP Z Aufet^lff* 1 Jg»ri£, 

,R R 
Rf- Rt 



Y4r 




OH 



NH 

I 

p 




(a) *3M*KfMPT&# 
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^ NR 1 R 2 br ^ Rr 1 r 2 



OH OH 



# + R 1 , R 2 , R 3 ,Z^P^J^^1^, &&tftftfc 

H-ss— R, R^JfiiM; 

(b) &(a)#^7&+jiPAfrTi£$ft&&^ 



#^#1, p, Rf ivmm&\?m\ 

5. ***** 1 Wafci*. R 1 , R 2 ^:^, JRfS^jfaft ' 
= J?fJfe*f5*ft**, *£. ft*, <(!&. &£, C,~C 1 «J)Ufe, C,~ 
C^A, C,-C,i«4Ufe*CN > *4f R 1 , R* ^GUfcsp -(CH 1 )„X(CH 2 ) 1I - 

CH 2 , 0 j£ NH; n.m^j 1 ItJ 6 I^SHc, 

*. 

<A£, &&, C-C&K*, C~C<^, C,~C,j!fc*£rtCN; 
#fcf-Jkffl&ft#, NO,, CF 3 , CH 3 S0 2 . CH 3 CH 2 S0 2 , PhCH 2 OCO, jft AcO, ^ife^M 
3f C,~C,$tfU|, OH, Me 2 NCH 2 CH 2 0, Bt 2 NCH 2 CH 2 0, NH 2) C,~C 4 )&£. 

6. *iMIWlMlt, R* R 2 T^J Ci ~ C 20 , C-C» , 

m #&, ft*, c,~c,& 

Ct-C^H, C,-C«i54Ufe«CN; R 1 , R 2 - (CH 2 ) „X (CH 2 ) „- , £ 

t X CH 2 , 0 M NH; n,m ^ 1 £| 6 

¥*, C, - C SFiHUt, CfcOR 4 ,** R< # , 0,-0,0 *ftjft4fc, 

**.ft*. C.-C fcffi*. c,~ 

C, ~ C 3 ON; 

Z A H, F, CI, Br, I, CH 3 S0 2 OH, PhCH 2 0, AcO, MeO, BtO, Me 2 NCH 2 CH 2 0, Bt 2 NCH 2 CH 2 0, 
PhCH 2 0C0, r-Bu, ;-Pr, NH 2 , j£ NO, 

P %M, , C,~C 20 , C,~C 2 . Jfcftj&H , *ft*4fc*3ifc£l£&, 

ft*, C,-C 3 C.-C, C,~C 3 j&fc* 



Y H, F, CI, Br, I, CH 3 S0 2 OH, PhCH 2 0, AcO, MeO, EtO, Me 2 NCH 2 CH 2 0, Et 2 NCH 2 CH 2 0, 
PhCH 2 0CO, t-B\x, /-Pr, NH 2 , j£ N0 2 
Rf % C,~C 20 

R ^C-C,, C,~C 2 .^*, C-C 3fi0fc**#*; 



Rf 




$CN; 
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^C-CttMLfiW^^lf^Ufe^, XWl^*, 2, 4- 

-*¥4fc.2M--¥****,*:*R' f R 2 ^^^-(CH 2 ):0(CH 2 ) 2 -, -(CH 2 ),N(CH,),- 
-(CH 2 ) 5 - $ -(CH,) 6 -; 

¥*, C 3 ~C 6 3Fft* CH.OR 4 , £ + R 4 * C,~C< , =£«,&T* 

-¥*£*, ¥*. c.^fl^fttt*fe4¥4Ufc¥*. xj-***. 

2, 4-^***, 2, 4-^ ¥**¥*, 

Z ^ H, F, CI, Br, I, CH 3 S0 2 OH, PhCH 2 0, AcO, MeO, EtO, Me 2 NCH 2 CH 2 0, Et 2 NCH 2 CH 2 0, 
PhCH 2 OCO, f-Bu, i-Pr, NH 2 , N0 2 ; 

*;x^¥4Ut^A, 2, 4--**£, 2, 4-- ¥**¥*■ 

Y % H, CI, Br, CH 3 S0 2 , CH 3 CH 2 S0 2 , N0 2 j& F; 
Rf 3/ C~C« ^fcj&g; 

R *C I -CiMt, C 3 ~C { ^»****,^fc*Jfe*** f **-. Hfc*; 



8. *P**l*#10fi&X£,ISfc: jg34fr«#JEfctt&j£j*frffift 
# 0. 1- 3 : 0. 1-3 : 1-4 : 1 

9. WJftlMXt#ti|il ZnCl 2 , ZnBr 2 , ZnF 2 , Znl 2 , Zn(OTf) 2) CuCl 2 , CuBr 2 , 
Cu(0Tf) 2 , CuCl, CuBr, Cu(OTf). 

10. 1 #fi£X2, g MeN(iPr) 2 , HNEt 2 , N(/Pr) 3 , Hfcifc, NEt 3 PjS 
*, BtN(iPr),, Bu 3 N. 

11. *Pfc#|*# 1 AjSLfflLft^ 0-100°C 

12. *P&*!|g# 1 Jft&JLt, 0-50°C. 

13. *i^**l^fafcX«,%#l**l*& THF, ^ft*3fs Et 2 0,^,#-^#^^^ 

dme, ¥^,je&^, ch 2 ci 2 m^u, &#&m«^4*.$##*!i£¥;E. 

14. i Mx«, 

15. -#^^#^^pT#^^^1±^# 
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OMe 

(a)# 0.1-3 JgMt£l;*i'F$ttttft'Hb (lR,2R)-2-^,^^-l-(^^)-3H 
ft- 

OH 




& + R', R J , R 4 , Z *P*tfi|*4tl0rifc, 

^ 0.1-3^^^1:^^^^^ 0.1-3^^^4^ Zn (II), Cu(I)j£ Cu(II) 



f- 0-50°CR^ l-20hr. 




c, txX 




OMe 



16. *#££;&*JtoT4tf4ttft^4frjft#;<m# 
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Z NR'r 2 

r 1 , r 2 r 4 z ^w^mtt&fc^^fe^ 

#JL^ Z 3>#£ 4 -ft NO, R' ^N=0, r> # COCH,^, R 4 

iZ^^4ftN0 2 Jfc-ft, R 1 , R J ^«#,lSft^(lR, 2R)-2-#,yV--lf^-l-(4- 
g Z ;$#|M # OCH, R 1 , R'^^^Ef^, * ^J^, ^Jfcft 

C~C, jfcft**CN; 

17. *P&*|** 15 #fi£#jli&, *4WEA***iT^**^** 

OH 



0 2 N 

^tR', R 2 , R 4 *MK#l**15 0fifc 




OR" 
NR 1 R 2 



18. 15 jftj&ftftft, ###£;Mr*p-F£# 

OH OH OH 



OH 



0 2 N 




= *ffc*A;fcfc, **. 4&, c-cfcjfofc, 

C,~C^H, C.-C, ^ft^; £:# R 1 , R l pTIM^J - (CH,) a X (CH 2 ) .- , £ + X 
CH 2 , 0 « NH; n,m ^ 1 flj 6 

R 4 #fc* %fi%«, ****f5^*,*-ft*itr*», **, **,«&,«£, CrC, 
C,-C 3 j&fc*#CN; 

NO 2> CF 3 , CH 3 S0 2i CH 3 CH 2 S0 2 , PhCH 2 0C0 or AcO. 
C,~C,^H, OH, Me,NCH,CH,0, Bt 1 NCH 1 CH 2 0 > NH 2 , C,~C«j&*; 
#JL^Z 4 R l # N=O t R J # C0CH 3 ^, R< Jptft 

£ Z#*4<ffr«4£:fcft, R\ R 1 ^ CH,ftK BBfr^ClR, 2R)-2-A5^-^Jfe-l-(4- 

* Z ##SF 4 R\ R 2 R 4 Mfc&,$Lttffi& t , 

20. 15 ffgftKfr, R 1 *P R» 3/ C -C 2 , ft£ , C,-C 2 „ , 

¥*. *ft¥IMU-c» = ife*£*, ^t-ftifejir**, *&, **, «£, 
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C-C&K*. C-Cj»4fe, C-C CN; A* R«, R 1 pT^^J -(CftUCCft).-, 

& + X CH 2 , 0 j& NH; n,m ^ 1 S) 6 #J#$c; 

R 4 A C,-C I0 , C,-C 2 . feftttjfc, tf^MEM^I, 

*. «&, C-C, C.-Cffilfc, C-C, #MUkftCN; 

Z % F, CI, Br, I, CH,SO, OH, PhCH 2 0, AcO, MeO, EtO, Me 2 NCHjCH 2 0, Bt 2 NCH 2 CH 2 0, 

PhCH 2 0C0, t-Bu, /-Pr, NH 2 , N0 2 ; 

#JL^ Z ***FHfc NO, R 1 A N=0, R» # COCH 3 N", R 4 

£ Z 4 ftmft, R 1 , R* Rfrft*<lR, 2R)-2-)?^-¥* 

-l-(4- fl3*^|| )-3-0-tf_i_|gg. 

i z 4 A¥4UMcft, r\ R J R 4 Wrftat.*^**,**, 

#&, **, «£, c,-c jsajut, c,-c*4t, c-c 

j&^&M CN; 

21.*D**|JMtl5 0rifcttK#, *4WSEA*+ R'*P R 2 ^ C-CjKUfe , * 

2, 4--H^4|; 2, 4-^ft*1?*; 
R 4 7*7 C-C J**,H#¥*,;fcT*-¥*g*, C-Cft^^^f J|; * 

¥*¥*; 2, 4--*,^*; 2, 4-n ¥**¥*; 

Z ^7 F, CI, Br, I, CH 3 S0 2 OH, PhCH 2 Q, AcO, MeO, EtO, Me 2 NCH 2 CH 2 0, Bt 2 NCH 2 CH 2 0, 
PhCH 2 0CO, r-Bu, /-Pr, NH 2 , $ N0 2 ; 

#J.^ Z 4 # NC*f5, R 1 3j N=0, R' COCH,Bt, R 4 M. 

**. 

* z 4 NC*ft, R'» R J 37«*h Jff*fcttKtf:ft#(lR, 2R)-2-y/,^- 

¥*-i-«- «^ )-3-o-R 4 -i-nm; 

*z**sf 4 «¥***& r 1 , r j ^¥W, rwfunfaufcf*,* 
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